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(54)  Magnetic  head  for  magneto-optical  recording,  and  magneto-optical  recording  apparatus. 

(57)  A  magnetic  head  for  magneto-optical  recording  includes  a  slider  sliding  on  a  magneto-optical 
recording  medium,  a  core  made  of  a  magnetic  material  and  mounted  to  the  slider,  and  a  coil  wound 
around  the  core.  The  core  has  an  area  of  main  magnetic  pole  end  face  of  from  0.01  mm2  to  0.039  mm2. 
The  magnetic  material  for  the  core  is  a  Mn-Zn  ferrite  having  a  Curie  temperature  of  not  less  than  140  °C, 
a  permeability  of  not  less  than  200  at  frequency  8  MHz  at  temperature  25  °C,  and  an  effective  saturation 
magnetic  flux  density  of  not  less  than  4400  G.  A  magneto-optical  recording  apparatus  includes  an 
optical  head  for  irradiating  a  magneto-optical  recording  medium  with  a  light  spot,  and  a  magnetic  head 
for  applying  a  magnetic  field  to  the  magneto-optical  recording  medium.  The  magnetic  head  includes  a 
slider  being  sliding  on  the  magneto-optical  recording  medium,  a  core  made  of  a  magnetic  material  and 
mounted  to  the  slider,  and  a  coil  wound  around  the  core.  Upon  application  of  a  voltage  to  the  coil  a 
modulation  magnetic  field  is  applied  to  a  recording  surface  of  the  magneto-optical  recording  medium  to 
record  an  information  signal  with  maximum  frequency  of  not  less  than  about  8  MHz. 

F I G . 5 B  

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



EP  0  592  219  A1 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

5  The  present  invention  relates  to  a  magnetic  head  for  magneto-optical  recording  and  a  magneto-optical  re- 
cording  apparatus,  which  are  for  recording  information  signals  in  a  magneto-optical  recording  medium  by  the 
magnetic  modulation  method. 

Related  Background  Art 
10 

There  are  conventionally  known  magneto-optical  recording  apparatus  for  recording  information  at  high 
density  in  a  magneto-optical  record  medium  such  as  a  magneto-optical  disk,  which  employ  the  magnetic  mod- 
ulation  method.  In  the  magnetic  modulation  method  a  laser  beam  irradiates  a  record  medium  in  the  form  of 
light  spot  focused  in  diameter  of  about  1  p.m  and  a  magnetic  head  applies  a  magnetic  field  modulated  according 

15  to  information  signals  to  the  laser  beam  irradiating  portion,  whereby  the  information  signals  are  recorded. 
The  generally  known  magneto-optical  recording  apparatus  employing  the  magnetic  modulation  method  are 

constructed  for  example  as  shown  in  Fig.  1.  A  magneto-optical  recording  medium  31  used  therein  is  of  a  disk 
in  which  a  signal  recording  layer  is  formed  on  a  transparent  substrate.  The  disk  31  is  driven  to  rotate  by  a  spindle 
motor  30.  Af  loating  magnetic  head  20  is  disposed  above  the  disk  31  while  an  optical  head  21  is  disposed  below 

20  the  disk  31  to  be  opposed  to  the  magnetic  head  20.  The  magnetic  head  20  is  held  at  the  fore  end  of  suspension 
23  and  a  connecting  member  22  connects  between  the  optical  head  21  and  the  fixed  end  of  suspension  23, 
constituting  a  magneto-optical  recording  head  unit.  The  connecting  member  22  is  fixed  to  a  linear  motor  24, 
so  that  with  movement  of  the  linear  motor  22  the  optical  head  21  and  the  magnetic  head  20  move  together  in 
the  radial  direction  of  disk  31. 

25  The  information  signals  are  recorded  as  follows  in  the  disk  31  in  the  magneto-optical  recording  apparatus 
employing  the  magnetic  modulation  method.  While  the  disk  31  is  rotated  at  high  speed  by  the  spindle  motor 
30,  a  laser  beam  26  is  guided  from  the  optical  head  21  to  irradiate  the  signal  recording  layer  in  the  disk  31  in 
the  form  of  light  spot  26s  focused  in  diameter  of  about  1  urn.  The  irradiation  increases  the  temperature  of  signal 
recording  layer  up  to  above  the  Curie  temperature  thereof.  At  the  same  time,  the  magnetic  head  20  applies  a 

30  bias  magnetic  field  modulated  according  to  the  information  signals  to  the  temperature-elevated  portion.  The 
application  of  magnetic  field  aligns  the  direction  of  magnetization  in  the  signal  recording  layer  to  the  direction 
of  bias  magnetic  field  to  effect  recording  of  information  signals  on  the  signal  recording  layer. 

As  shown  in  the  overall  perspective  view  in  Fig.  2,  in  the  partial  cross-sectional  view  in  Fig.  3Aand  in  the 
bottom  plan  view  in  Fig.  3B,  the  magnetic  head  20  is  of  a  composite  type  in  which  a  slider  28  is  made  of  a  non- 

35  magnetic  material,  for  example  a  ceramic,  and  a  U-shaped  core  25  made  of  a  high-permeability  magnetic  ma- 
terial,  for  example  a  ferrite,  is  fixed  to  the  end  of  the  slider  28.  The  open  end  of  core  25  is  on  the  side  of  the 
slider  bottom  surface.  A  coil  27  is  wound  around  a  main  magnetic  pole  25b,  which  is  a  leg  of  the  core  25.  When 
a  current  modulated  according  to  the  information  signals  by  a  drive  circuit  19  is  supplied  to  the  coil  27,  a  per- 
pendicular  magnetic  field  B  is  generated  as  directed  from  a  magnetic  pole-end  face  25a  to  the  recording  me- 

40  dium. 
However,  the  strength  of  magnetic  field  generated  from  the  magnetic  pole  end  face  25a  is  sufficiently  high 

and  uniform  only  immediately  below  the  magnetic  pole  end  face  25a.  Therefore,  if  the  laser  beam  26  from  the 
optical  head  21  should  not  be  focused  as  the  light  spot  26s  on  the  recording  medium  immediately  below  the 
magnetic  pole  end  face  25a,  the  magnetic  field  strong  enough  to  record  the  information  signals  would  not  be 

45  able  to  be  applied  to  the  laser  irradiating  portion,  resulting  in  failure  of  correct  signal  recording. 
In  the  conventional  magneto-optical  recording  apparatus,  the  maximum  permissible  error  of  position  is 

+0.15  mm  between  the  magnetic  pole  end  face  25a  of  magnetic  head  and  the  light  spot  because  of  the  limit 
of  dimensional  precision  possibly  achievable  in  production  process  of  magnetic-  head,  optical  head  and  con- 
necting  member  connecting  therebetween  and  because  of  the  limit  of  mechanical  positioning  precision  in  as- 

50  sembling  them,  and  therefore  the  size  of  magnetic  pole  end  face  25a  is  determined  substantially  between 
about  0.4  mm  x  0.4  mm  and  0.6  mm  x  0.6  mm,  considering  all  error  factors  including  the  foregoing,  to  surely 
position  the  light  spot  immediately  below  the  magnetic  pole  end  face  25a. 

Nevertheless,  the  recent  demand  is  high-for  higher-density  information  signal  recording  and  for  higher  in- 
formation  signal  transfer  speed  in  information  recording  apparatus  including  the  magneto-optical  recording  ap- 

55  paratus.  To  meet  the  demand,  the  maximum  frequency  of  information  signals  to  be  recorded  is  required  to  in- 
crease  up  to  about  10  MHz.  It  was,  however,  conventionally  difficult  to  fully  reduce  the  size  of  magnetic  pole 
end  face  because  of  the  question  of  positioning  precision  between  the  magnetic  head  and  the  light  spot,  as 
described  above. 
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Generally,  the  inductance  of  coil  is  approximately  proportional  to  the  cross  section  of  magnetic  pole  and 
to  a  square  of  winding  number  thereof.  If  the  magnetic  pole  end  face  is  sized  in  the  range  of  0.4  mm  x  0.4  mm 
to  0.6  mm  x  0.6  mm,  the  inductance  is  large  above  3  p.H.  In  order  that  a  current  of  high  frequency  is  supplied 
to  the  magnetic  head  with  large  inductance,  a  very  large  voltage  must  be  applied,  which  will  increase  the  dis- 

5  sipation  power  of  drive  circuit.  Practically,  the  maximum  frequency  of  recorded  information  signals  is  thus  about 
5  MHz. 

If  the  number  of  turns  in  coil  is  decreased  to  lower  the  inductance,  the  supply  current  must  be  increased 
with  the  decrease  of  winding  number.  Therefore,  this  is  not  practical  means,  either,  considering  the  dissipation 
power  of  drive  circuit. 

10  Meanwhile,  Applicant  already  established  the  technique  to  enhance  the  positioning  precision  between  the 
main  pole  end  face  of  magnetic  head  and  the  light  spot  up  to  about  +0.01  mm  by  "magnetic  head  positioning 
apparatus"  as  described  for  example  in  the  specification  of  Japanese  Patent  Application  No.  4-223610.  This 
apparatus  permits  the  light  spot  to  be  positioned  relative  to  a  main  magnetic  pole  end  face  sized  in  about  0.1 
mm  x  0.1  mm. 

15  However,  for  example  if  the  conventional  example  as  shown  in  Figs.  3A  and  3B  were  modified  simply  to 
reduce  the  size  of  main  magnetic  pole  25b  (for  example  down  to  0.1  mm  x  0.1  mm)  as  shown  in  Figs.  4A  and 
4B,  the  following  negative  effect  would  be  caused,  also  resulting  in  failing  to  obtain  satisfactory  result. 

First,  in  the  magnetic  flux  generated  by  the  main  magnetic  pole  25b  a  ratio  of  magnetic  flux  B'  leaking  from 
the  side  faces  of  main  magnetic  pole  25b  relatively  increases  while  an  effective  magnetic  flux  (magnetic  field) 

20  B  applied  from  the  magnetic  pole  end  face  25a  of  the  main  magnetic  pole  25b  to  the  disk  31  relatively  decreas- 
es,  which  decreases  the  magnetic  field  generation  efficiency  of  magnetic  head.  To  compensate  for  the  de- 
crease,  an  excessive  current  must  be  supplied  to  the  coil  27  to  apply  a  sufficient  magnetic  field  to  the  disk 
31,  which  would  increase  the  power  dissipation  of  the  magnetic  head  drive  circuit. 

Second,  if  a  sufficient  magnetic  field  were  applied  to  the  disk  31  to  compensate  for  the  decrease  of  mag- 
25  neticf  ield  generation  efficiency  of  magnetic  head,  as  described  above,  the  excessive  magnetic  flux  in  the  main 

magnetic  pole  would  increase  the  flux  density,  which  would  enhance  the  possibility  of  saturation  of  magnetic 
flux  in  the  main  magnetic  pole.  This  must  make  it  difficult  to  apply  a  sufficient  magnetic  field  to  the  disk  31. 

Third,  since  the  main  magnetic  pole  becomes  thinner,  the  mechanical  strength  thereof  would  be  insuffi- 
cient,  which  is  liable  to  result  in  breakage  of  core  25  in  production  or  in  use  thereof. 

30 
SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  accomplished  to  solve  the  problems  in  the  magnetic  head  for  magneto- 
optical  recording  as  described  above.  The  invention  is  characterized  in  that  the  magnetic  head  has  a  core  made 

35  of  a  magnetic  material  which  is  a  ferrite  (Mn-Zn  ferrite)  containing  Fe203,  MnO  and  ZnO  as  main  ingredients 
and  having  a  Curie  temperature  of  not  less  than  140  °C,  a  permeability  of  not  less  than  200  at  frequency  of  8 
MHz  at  temperature  of  25  °C,  and  an  effective  saturation  flux  density  of  not  less  than  4400  G  at  temperature 
of  25  °C. 

Further,  the  invention  is  characterized-in  that  the  material  of  core  is  preferably  a  Mn-Zn  ferrite  having  a 
40  Curie  temperature  of  not  less  than  170  °C,  a  permeability  of  not  less  than  200  at  frequency  10  MHz  at  tem- 

perature  25°C,  and  an  effective  saturation  flux  density  of  not  less  than  5000  G,  or  a  Mn-Zn  ferrite  having  a 
Curie  temperature  of  not  less  than  200  °C,  a  permeability  of  not  less  than  200  at  frequency  12  MHz  at  tem- 
perature  25  °C,  and  an  effective  saturation  flux  density  of  not  less  than  5500  G. 

Further,  the  invention  is  characterized  in  that  the  core  is  sized  such  that  an  area  of  main  magnetic  pole 
45  end  face  is  not  less  than  0.01  mm2  but  not  more  than  0.039  mm2,  an  area  of  coil  winding  window  is  not  less 

than  0.11  mm2  but  not  more  than  0.47  mm2,  and  a  distance  between  the  main  magnetic  pole  end  face  and  the 
coil  is  not  less  than  0.05  mm  but  not  more  than  0.29  mm. 

Further,  the  invention  is  characterized  in  that  the  coil  is  formed  by  winding  a  wire  with  conductor  cross 
section  of  not  less  than  7x10^  mm2  but  not  more  than  5x1  0"3  mm2  and  the  inductance  thereof  is  not  less  than 

so  0.4  [iH  but  not  more  than  2  [iH. 
In  a  magneto-optical  recording  apparatus  according  to  the  present  invention,  the  maximum  frequency  of 

recorded  signals  is  above  about  8  MHz  and  the  apparatus  comprises  a  magnetic  head  made  of  a  Mn-Zn  ferrite 
having  a  Curie  temperature  of  not  less-than  140  °C  and  an  effective  saturation  flux  density  of  not  less  than 
4400  G  as  described  above.  Further,  the  maximum  frequency  of  recorded  signals  is  preferably  above  about 

55  10  MHz  and  the  apparatus  comprises  the  magnetic  head  made  of  a  Mn-Zn  ferrite  having  a  Curie  temperature 
of  not  less  than  170  °C  and  an  effective  saturation  flux  density  of  not  less  than  5000  G. 

Also,  a  magneto-optical  recording  apparatus  of  the  present  invention  preferably  has  the  maximum  frequen- 
cy  of  recorded  signals  of  above  about  12  MHz  and  comprises  a  Mn-Zn  ferrite  having  a  Curie  temperature  of 
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not  less  than  200  °C  and  an  effective  saturation  flux  density  of  not  less  than  5500  G. 
Also,  a  magnetic  head  for  magneto-optical  recording  according  to  the  present  invention  comprises  a  mag- 

netic  core  made  of  a  Mn-Zn  ferrite  having  a  saturation  flux  density  B10  larger  than  5400  G  at  25°C  or  larger 
than  4200  G  at  92  °C  and  a  slider  made  of  a  non-magnetic  material  having  a  thermal  expansion  coefficient  of 

5  not  less  than  120x10"7  [1/°C]  but  not  more  than  150x10"7  [1/°C]  in  the  temperature  range  of  20  °C  to  500  °C, 
wherein  the  magnetic  core  and  the  slider  are  bonded  to  each  other  by  glass  bonding. 

Further,  the  invention  is  characterized  in  that  the  non-magnetic  material  is  crystallized  glass. 
Also,  a  magnetic  head  for  magneto-optical  recording  according  to  the  present  invention  is  characterized 

in  that  a  core  and  a  coil  for  magnetic  field  generation  are  provided  on  a  slider  made  of  a  non-magnetic  material 
10  to  apply  a  magnetic  field  with  polarity  corresponding  to  recorded  information,  to  a  magneto-optical  recording 

medium  and  that  at  least  a  portion  of  the  slideropposed  to  the  magneto-optical  recording  medium  has  a  surface 
electrical  resistivity  of  not  more  than  1x1011  Qcm. 

In  the  present  invention,  at  least  the  portion  of  the  slideropposed  to  the  magneto-optical  recording  medium 
may  be  arranged  to  have  a  surface  hardness  of  Vickers  hardness  not  less  than  500.  Also,  the-slider  is  provided 

15  with  a  wear-resistant,  lubricating  and  anti-static  resin  material  at  least  in  the  portion  opposed  to  the  magneto- 
optical  recording  medium. 

Further,  the  slider  may  be  made  of  a  non-magnetic  ceramic  containing  at  least  either  one  of  MnO,  NiO 
and  MgO  as  main  ingredient,  or  a  ceramic  containing  NiO  as  main  ingredient  with  at  least  one  or  more  of  CaO, 
Ti02,  MgO  and  MnO  as  additive. 

20 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  drawing  to  show  the  schematic  structure  of  a  magneto-optical  recording  apparatus; 
Fig.  2  is  a  perspective  view  to  show  a  whole  magnetic  head; 

25  Fig.  3A  and  Fig.  3B  are  a  partially  enlarged  view  and  a  bottom  view  of  a  conventional  magnetic  head  for 
magneto-optical  recording,  respectively; 
Fig.  4Aand  Fig.  4B  are  a  partially  enlarged  view  and  a  bottom  view  of  a  conventional  magnetic  head  for 
magneto-optical  recording,  respectively; 
Fig.  5Aand  Fig.  5B  are  a  partially  enlarged  view  and  a  bottom  view  of  a  magnetic  head  for  magneto-optical 

30  recording  according  to  the  present  invention; 
Fig.  6  is  a  drawing  to  show  the  relation  between  coil  winding  number  and  inductance; 
Fig.  7  is  a  drawing  to  show  the  relation  between  inductance  and  generating  magnetic  field  intensity; 
Fig.  8  is  a  drawing  to  show  the  relation  between  driving  frequency  and  generating  magnetic  field  intensity; 
Fig.  9  is  a  drawing  to  show  the  relation  between  coil  winding  window  area  and  generating-magnetic  field 

35  intensity; 
Fig.  1  0  is  a  drawing  to  show  the  relation  between  distance  between  main  magnetic  pole  end  face  and  coil, 
and  generating  magnetic  field  intensity; 
Fig.  11  is  a  drawing  to  show  the  relation  between  permeability  and  generating  magnetic  field  intensity; 
Fig.  12  is  a  drawing  to  show  the  relation  between  supply  current  and  generating  magnetic  field  intensity; 

40  Fig.  1  3  is  a  drawing  to  show  the  relation  between  temperature  and  effective  saturation  magnetic  flux  den- 
sity; 
Fig.  14  is  a  drawing  to  show  the  relation  between  driving  frequency  and  saturation  magnetic  field  intensity; 
Figs.  15Ato  15C  are  drawings  to  show  other  embodiments  different  in  core  shape  from  each  other; 
Fig.  16  is  a  perspective  view  to  show  the  structure  of  a  magnetic  head  for  magneto-optical  recording; 

45  Fig.  17  is  an  enlarged  perspective  view  to  show  a  magnetic  core  in  a  magnetic  head  for  magneto-optical 
recording; 
Fig.  18  is  a  graph  to  show  the  relation  between  modulation  frequency  of  magnetic  field  and  temperature 
rise  of  magnetic  head; 
Fig.  19  is  a  graph  to  show  the  relation  between  temperature  and  saturation  flux  density  B10  for  various 

so  samples  of  Mn-Zn  ferrite  forming  the  magnetic  core; 
Fig.  20  is  a  perspective  view  to  show  a  state  of  use  of  magnetic  head  of  the  present  invention; 
Fig.  21  is  a  perspective  view  to  show  an  embodiment  of  magnetic  head  of  the  present  invention; 
Fig.  22  is  a  perspective  view  to  show  another  embodiment  of  magnetic  head  of  the  present  invention; 
Fig.  23  is  a  schematic  drawing  to  show  still  another  embodiment  of  magnetic  head  of  the  present  invention; 

55  and 
Fig.  24  is  a  drawing  to  show  the  relation  of  magnetic  field  intensity  of  magnetic  layer  to  distance  between 
magnetic  layer  and  magnetic  head. 

4 
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DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Magnetic  heads  for  magneto-optical  recording  according  to  the  present  invention  will  be  described  in  detail 
with  reference  to  the  drawings.  Fig.  5Aand  Fig.  5B  are  enlarged  views  to  show  a  core  25  and  its  neighbors  in 

5  a  magnetic  head  for  magneto-optical  recording  according  to  the  present  invention,  specifically  Fig.  5A  is  a  side 
cross  section  and  Fig.  5B  is  a  bottom  view.  Next  described  is  the  dimension  of  elements  of  core  25  in  the  present 
embodiment.  Fig.  6  is  a  graph  to  show  the  relation  between  numbed  of  turns  of  coil  27  and  inductance,  in  which 
A  represents  an  area  P,  x  P2  =  0.039  mm2  of  end  face  25a  of  main  magnetic  pole,  B  an  area  of  0.027  mm2 
thereof,  and  C  an  area  of  0.01  mm2  thereof.  The  overall  structure  of  the  magnetic  head  for  magneto-optical 

10  recording  according  to  the  present  invention  as  shown  in  Fig.  5Aand  Fig.  5B  is  the  same  as  that  shown  in  Fig. 
2  and  the  magnetic  head  is  used  in  the  magneto-optical  recording  apparatus  shown  in  Fig.  1. 

Fig.  7  shows  the  relation  between  inductance  and  generating  magnetic  field  intensity  for  coil  27  wound 
around  each  core  with  the  main  magnetic  pole  end  face  25a  shown  in  Fig.  6  having  either  one  of  the  above 
areas.  The  current  supplied  to  the  coil  27  is  the  maximum  current=0.2  A  which  can  be  supplied  within  the  prac- 

15  tical  range  of  dissipation  power  in  view  of  the  performance  of  drive  circuit. 
Fig.  8  shows  the  relation  between  driving  frequency  and  generating  magnetic  field  intensity  for  each  core 

with  the  number  of  turns  of  coil  Aq,  B0,  C0  being  25  in  Fig.  6  under  supply  of  the  above  current.  As  for  A0,  in 
the  practical  range  of  dissipation  power  in  view  of  the  performance  of  drive  circuit,  a  constant  intensity  of  gen- 
erating  magnetic  field  is  obtained  below  frequency  8  MHz  but  the  generating  magnetic  field  intensity  decreases 

20  over  8  MHz.  As  for  B0  and  C0,  a  constant  intensity  of  generating  magnetic  field  is  maintained  even  above  8 
MHz.  The  drop  of  magnetic  field  at  high  frequency  is  caused  by  a  decrease  of  supply  current  because  of  the 
performance  of  drive  circuit  in  high  frequency  zone.  Experiments  showed  that  the  maximum  frequency  which 
could  drive  the  drive  circuit  was  related  to  the  inductance  and  that  the  inductance  must  be  not  more  than  2 
nH  for  drive  at  a  high  frequency  above  8  MHz.  On  the  other  hand,  the  intensity  of  magnetic  field  generated 

25  by  the  magnetic  head  must  be  at  least  100  Oe  for  satisfactory  signal  recording,  preferably  not  less  than  120 
Oe. 

From  the  above  conditions,  the  area  P̂   x  P2  of  the  end  face  of  main  magnetic  pole  in  core  must  be  not 
more  than  0.039  mm2,  that  is,  not  more  than  A  (see  Fig.  7).  On  the  other  hand,  the  main  magnetic  pole  25b, 
however,  cannot  be  slimmer  than  0.01  mm2,  that  is,  C  from  the  point  of  mechanical  strength  in  production  and 

30  in  use  of  core.  It  is  thus  appropriate  to  employ  such  a  size  of  core  that  the  area  PixP2  of  end  face  of  main 
magnetic  pole  is  for  example  0.027  mm2,  that  is,  B.  Even  with  this  area,  the  inductance  exceeds  2  Ĥ  if  the 
number  of  turns  of  coil  isgreaterthan  B2(31  turns),  which  is  not  preferable  because  the  driving  is  difficult  above 
8  MHz  as  described  above.  In  contrast,  if  the  number  of  turns  of  coil  issmallerthan  B̂  (14  turns),  the  inductance 
becomes  lower  than  0.4  ^H,  which  is  not  preferable,  either,  because  the  generating  magnetic  field  intensity 

35  is  insufficient  as  described  above. 
In  summary  the  optimum  conditions  are  as  follows:  The  area  P̂   x  P2  of  end  face  25a  of  main  magnetic 

pole  in  core  25  is  not  less  than  0.01  mm2  but  not  more  than  0.039  mm2  and  the  inductance  is  not  less  than 
0.4  nH  but  not  more  than  2  ^H.  It  is  preferable  in  actual  applications  that  the  end  face  25a  of  main  magnetic 
pole  in  core  25  is  rectangular  and  that  the  length  P̂   in  the  radial  direction  of  disk  is  slightly  longer  than  the 

40  length  P2  in  the  tangential  direction  of  recording  tracks,  as  shown  in  Fig.  5.  This  arrangement  can  prevent  the 
light  spot  from  being  deviated  from  immediately  below  the  main  magnetic  pole  even  when  the  main  magnetic 
pole  is  displaced  relative  to  the  light  spot  during  the  tracing  (tracking)  operation  of  light  spot  for  eccentricity  of 
recording  tracks.  Accordingly,  the  effective  size  P̂   x  P2  of  the  end  face  25a  of  main  magnetic  pole  is  in  the 
range  of  from  0.125  mm  x  0.08  mm  (=0.01  mm2)  to  0.23  mm  x  0.17  mm  (=0.039  mm2)  in  actual  applications. 

45  Next  described  with  the  graph  shown  in  Fig.  9  is  the  relation  between  generating  magnetic  field  intensity 
and  area  x  W2  of  coil  winding  window  (see  Figs.  5A  and  5B)  with  supply  current  of  0.2  A  for  each  core  of 
coil  winding  number  B0,  B̂   B2  in  Fig.  6.  The  generating  magnetic  field  intensity  tends  to  gradually  decrease 
with  increase  of  the  area  Wi  xW2  of  coil-winding  window.  If  the  area  of  coil  winding  window  is  largerthan  0.47 
mm2,  the  core  of  B̂  cannot  provide  a  magnetic  field  intensity  of  100  Oe,  which  is  the  lowest  for  satisfactory 

so  signal  recording.  On  the  other  hand,  if  the  area  of  coil  winding  window  is  smaller  than  0.11  mm2,  the  cross 
section  of  wire  used  for  winding  of  coil  27  must  be  made  smaller,  which  increases  electric  resistance  of  coil  27 
and  in  turn  undesirably  increases  heating  upon  current  supply.  Therefore,  the  most  suitable  range  of  area 
x  W2  of  coil  winding  window  in  core  25  is  from  0.11  mm2  to  0.47  mm2. 

Next  described  with  the  graph  shown  in  Fig.  10  is  the  relation  between  generating  magnetic  field  intensity 
55  and  distance  d  (see  Fig.  5)  between  the  end  face  25a  of  main  magnetic  pole  and  the  coil  27  with  supply  current 

of  0.2  A  for  each  core  of  coil  winding  number  B0,  B̂   B2  in  Fig.  6.  The  generating  magnetic  field  intensity  tends 
to  gradually  decrease  with  increase  of  distance  d  between  the  end  face  of  main  magnetic  pole  and  the  coil.  If 
the  distance  d  is  greater  than  0.29  mm,  the  core  B̂  cannot  provide  a  magnetic  field  intensity  of  100  Oe,  which 

5 
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is  the  lowest  for  satisfactory  signal  recording.  On  the  other  hand,  if  the  distance  d  is  shorter  than  0.05  mm, 
the  thickness  of  a  connecting  portion  of  main  magnetic  pole  25b  must  be  also  made  not  more  than  0.05  mm 
together  with  the  decrease  of  d,  which  makes  the  mechanical  strength  of  slider  insufficient  in  production  and 
in  use,  possibly  resulting  in  breakage  thereof.  Therefore,  the  most  suitable  range  of  the  distance  d  between 

5  the  end  face  25a  of  main  magnetic  pole  and  the  coil  27  is  from  0.05  mm  to  0.29  mm. 
The  dimension  of  elements  in  magnetic  head  was  described  above  under  the  assumption  that  the  magnetic 

properties  of  magnetic  material  for  core  are  fully  effective.  Actually,  the  magnetic  field  generating  capability 
of  magnetic  head  greatly  depends  upon  the  magnetic  properties  of  magnetic  material.  This  is  described  in  the 
following.  The  permeability  of  magnetic  material  is  first  described.  Generally,  the  permeability  of  magnetic  ma- 

10  terial  decreases  with  increase  of  frequency.  In  the  magnetic  head  for  magneto-optical  recording  as  in  the  pres- 
ent  invention,  it  is  necessary  for  the  permeability  of  magnetic  material  for  core  at  least  to  be  not  less  than  200 
at  the  maximum  frequency  of  recording  signals.  Fig.  1  1  shows  the  relation  between  permeability  of  magnetic 
material  for  core  and  generating  magnetic  field  intensity  for  a  typical  example  of  magnetic  head.  As  shown, 
the  generating  magnetic  field  intensity  is  approximately  constant  if  the  permeability  is  sufficiently  large.  If  the 

15  permeability  becomes  lower  than  200,  the  generating  magnetic  field  intensify  unpreferably  decreases  with  the 
decrease  of  permeability.  In  case  that  the  maximum  frequency  of  recording  signals  is  high  as  above  8  MHz, 
the  core  is  preferably  made  of  a  Mn-Zn  ferrite  to  obtain  such  a  high  permeability. 

Next  described  is  the  relation  between  Curie  temperature  of  magnetic  material  for  core  and  saturation  mag- 
netic  flux  density.  Fig.  1  3  shows  the  temperature  dependency  of  effective  saturation  magnetic  flux  density  Bms 

20  for  typical  Mn-Zn  ferrites.  A  magnetic  material  a  has  a  Curie  temperature  of  140  °C  and  an  effective  saturation 
magnetic  flux  density  of  4400  G  at  25  °C;  a  magnetic  material  b  has  a  Curie  temperature  of  170  °C  and  an 
effective  saturation  magnetic  flux  density  of  5000  G  at  25  °C;  a  magnetic  material  c  has  a  Curie  temperature 
of  200  °C  and  an  effective  saturation  magnetic  flux  density  of  5500  G  at  25  °C.  Generally,  the  saturation  mag- 
netic  flux  density  of  Mn-Zn  ferrites  decreases  as  the  temperature  increases.  It  is  seen  from  Fig.  1  3  that  a  ma- 

25  terial  with  higher  Curie  temperature  has  a  gentle  temperature  dependency.  The  effective  saturation  magnetic 
flux  density  Bms  is  a  value  of  flux  density  measured  with  applied  magnetic  field  of  10  Oe,  that  is  generally 
described  as  B10. 

Since  the  saturation  magnetic  flux  density  of  Mn-Zn  ferrites  is  finite  as  discussed,  the  magnetic  field  gen- 
erated  by  the  magnetic  head  cannot  increase  above  a  certain  upper  limit.  The  upper  limit  is  referred  to  herein 

30  as  saturation  magnetic  field  intensity  Hs.  Fig.  12  shows  it.  As  shown,  the  generating  magnetic  field  intensity 
is  proportional  to  the  supply  current  in  the  range  of  small  intensity  of  generating  magnetic  field  but  it  reaches 
the  saturation  magnetic  field  intensity  Hs  when  the  supply  current  is  increased  to  make  the  flux  density  in  core 
equal  to  the  saturation  flux  density.  The  generating  magnetic  field  intensity  cannot  be  increased  over  the  sat- 
uration  magnetic  field  intensity  Hs.  The  saturation  magnetic  field  intensity  Hs  of  magnetic  head  is  related  to 

35  the  saturation  flux  density  of  magnetic  material  for  core.  Since  the  saturation  magnetic  flux  density  has  the 
temperature  dependency  in  the  Mn-Zn  ferrites  and  especially  since  the  drive  current  is  relatively  large  and  the 
driving  frequency  is  high  in  the  magnetic  head  for  magneto-optical  recording,  as  described  above,  a  temper- 
ature  rise  in  core  mainly  due  to  high-frequency  loss  of  magnetic  head  lowers  the  saturation  flux  density,  which 
is  a  phenomenon  observed  by  Inventors.  Based  on  such  a  fact,  experiments  were  conducted  to  check  the  re- 

40  lation  between  driving  frequency  of  magnetic  head  and  saturation  magnetic  field  intensity  Hs.  Fig.  14  shows 
the  result  of  experiments.  Cores  used  in  the  experiments  had  the  optimum  size  within  the  range  of  dimension 
as  described  above  and  were  made  of  the  typical  materials  a,  b,  c  of  Mn-Zn  ferrite  as  described  above.  It  is 
preferable  in  actual  use  that  the  operation  range  of  magnetic  head  is  set  slightly  lower  than  the  saturation  mag- 
netic  field  intensity  Hs  and  in  the  range  in  which  the  drive  current  is  proportional  to  the  generating  magnetic 

45  field.  Thus,  if  the  generating  magnetic  field  is  1  00  Oe,  the  saturation  magnetic  field  intensity  Hs  should  be  not 
less  than  150  Oe.  From  Fig.  14,  this  condition  is  satisfied  by  the  following  cases:  Specifically,  a  magnetic  head 
is  made  of  the  magnetic  material  a,  which  is  the  Mn-Zn  ferrite  having  a  Curie  temperature  of  140  °C  and  an 
effective  saturation  flux  density  B10  of  4400  G  at  25  °C,  and  the  maximum  driving  frequency  is  about  8  MHz; 
Also,  a  magnetic  head  is  made  of  the  magnetic  material  b,  which  is  the  Mn-Zn  ferrite  having  a  Curie  temperature 

so  of  1  70  °C  and  an  effective  saturation  flux  density  B10  of  5000  G  at  25  °C,  and  the  maximum  driving  frequency 
is  about  10  MHz;  Further,  a  magnetic  head  is  made  of  the  magnetic  material  c,  which  is  the  Mn-Zn  ferrite  hav- 
ing  a  Curie  temperature  of  200  °C  and  an  effective  saturation  flux  density  B10  of  5500  G  at  25  °C,  and  the  max- 
imum  driving  frequency  is  about  12  MHz.  It  is  thus  important  that  the  core  of  magnetic  head  be  made  of  a  mag- 
netic  material  having  preferable  magnetic  properties  depending  upon  the  maximum  frequency  of  recording  sig- 

55  nals.  All  the  materials  a,  b,  c  of  Mn-Zn  ferrite  used  in  the  description  of  the  present  embodiment  are  mass- 
producible  by  the  presently  available  production  techniques. 

The  shape  of  core  is  not  limited  to  the  U  shape  as  described  above.  For  example,  the  core  may  be  formed 
in  the  shape  of  E,  T  or  ring  core  with  wide  gap  as  shown  in  Fig.  15A,  Fig.  15B,  or  Fig.  15C,  keeping  the  same 
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values  described  in  the  above  embodiment  for  the  area  PixP2  of  magnetic  pole  end  face  25a  in  core,  the  area 
W1xW2  of  coil  winding  window,  and  the  distance  d  between  the  main  magnetic  pole  end  face  25a  and  the  coil 
27.  With  the  core  of  T-shape  shown  in  Fig.  15B,  there  is  no  magnetic  pole  opposed  to  the  main  magnetic  pole 
25b,  which  should  define  the  width  of  coil  winding  window,  then  the  width  W  ̂ of  coil  27  is  used  in  place 

5  of  Wi  and  W  ̂ x  W2  may  be  set  within  the  range  of  values  as  described  above. 
Although  the  above  embodiment  showed  the  example  of  the  composite  type  in  which  the  magnetic  head 

is  fixed  to  the  floating  slider  made  of  a  non-magnetic  material,  the  present  invention  can  be  applied,  concerning 
the  magnetic  properties  of  magnetic  material  forming  the  core,  to  a  magnetic  head  of  so-called  monolithic  type 
in  which  the  floating  slider  and  at  least  a  part  of  core  are  integrally  made  of  a  magnetic  material.  Further,  the 

10  present  invention  can  be  applied  to  a  magnetic  head  provided  with  a  slider  which  is  adapted  to  be  contactly 
slid  with  a  disk. 

As  detailed  above,  the  magnetic  head  for  magneto-optical  recording  according  to  the  present  invention 
uses  as  magnetic  material  for  core  the  Mn-Zn  ferrite  having  a  Curie  temperature  of  not  less  than  140  °C,  a 
permeability  of  not  less  than  200  at  frequency  8  MHz  at  temperature  25  °C  and  an  effective  saturation  magnetic 

15  flux  density  B10  of  not  less  than  4400  G.  Further,  it  preferably  uses  the  Mn-Zn  ferrite  having  a  Curie  temperature 
of  not  less  than  170  °C,  a  permeability  of  not  less  than  200  at  frequency  10  MHz  at  temperature  25  °C,  and 
an  effective  saturation  magnetic  flux  density  B10  of  not  less  than  5000  G,  or  the  Mn-Zn  ferrite  having  a  Curie 
temperature  of  not  less  than  200  °C,  a  permeability  of  not  less  than  200  at  frequency  12  MHz  at  temperature 
25  °C,  and  effective  saturation  magnetic  flux  density  B10  of  not  less  than  5500  G. 

20  Also,  the  magnetic  head  is  characterized  in  that  the  end  face  area  of  main  magnetic  pole  in  core  is  in  the 
range  of  from  0.01  mm2  to  0.039  mm2,  than  the  area  of  coil  winding  window  is  in  the  range  of  from  0.11  mm2 
to  0.47  mm2,  and  that  the  distance  between  the  main  magnetic  pole  end  face  and  the  coil  is  in  the  range  of 
from  0.05  mm  to  0.29  mm. 

In  addition,  the  magnetic  head  is  characterized  in  that  the  coil  is  formed  by  winding  a  conductor  wire  having 
25  a  cross  section  of  conductor  thereof  in  the  range  of  from  7  x  10"4mm2to5x  10"3  mm2  and  that  the  inductance 

is  in  the  range  of  from  0.4  Ĥ  to  2  ^H. 
Accordingly,  the  magnetic  head  of  the  present  invention  has  a  high  magnetic  field  generation  efficiency 

for  the  small  inductance  as  compared  to  the  conventional  magnetic  heads.  Even  if  the  maximum  frequency  of 
recorded  information  signals  is  increased  above  about  8  MHz,  a  sufficient  magnetic  field  can  be  produced  for 

30  satisfactory  signal  recording  in  the  allowable  range  of  dissipation  power  to  the  drive  circuit.  There  is  also  no 
possibility  of  breaking  the  core  due  to  insufficient  mechanical  strength  in  production  or  in  use  of  magnetic  head. 

Further,  a  magneto-optical  recording  apparatus  according  to  the  present  invention  comprises  a  magnetic 
head  arranged  to  record  recording  signals  with  maximum  frequency  not  less  than  about  8  MHz  and  made  of 
a  Mn-Zn  ferrite  having  a  Curie  temperature  of  not  less  than  140  °C  and  an  effective  saturation  magnetic  flux 

35  density  B10  of  not  less  than  4400  G,  as  described  above.  Also,  the  above  magneto-optical  recording  apparatus 
preferably  comprises  a  magnetic  head  arranged  to  record  recording  signals  with  maximum  frequency  not  less 
than  about  10  MHz  and  made  of  a  Mn-Zn  ferrite  having  a  Curie  temperature  of  not  less  than  170  °C  and  an 
effective  saturation  magnetic  flux  density  B10  of  not  less  than  5000  G. 

Further,  a  magneto-optical  recording  apparatus  according  to  the  present  invention  comprises  a  magnetic 
40  head  arranged  to  record  recording  signals  with  maximum  frequency  not  less  than  about  12  MHz  and  made  of 

a  Mn-Zn  ferrite  having  a  Curie  temperature  of  not  less  than  200  °C  and  an  effective  saturation  magnetic  flux 
density  B10  of  not  less  than  5500  G. 

Therefore,  the  present  invention  can  solve  the  problem  that  the  generating  magnetic  field  is  not  strong 
enough  to  carry  out  satisfactory  signal  recording  because  the  high-frequency  loss  during  high-frequency  drive 

45  of  magnetic  head  increases  the  temperature  of  core  to  decrease  the  saturation  magnetic  flux  density. 
In  addition,  a  magnetic  head  for  magneto-optical  recording  according  to  the  present  invention  comprises 

a  slider  sliding  on  a  magneto-optical  recording  medium,  a  core  made  of  a  magnetic  material  and  mounted  to 
the  slider,  and  a  coil  wound  around  the  core,  which  performs  recording  of  information  signals  by  applying  a 
voltage  to  the  coil  to  apply  a  modulated  magnetic  field  onto  a  recording  surface  in  the  magneto-optical  record- 

so  ing  medium,  wherein  the  magnetic  material  forming  the  core  is  a  Mn-Zn  ferrite  having  a  Curie  temperature  of 
not  less  than  140  °C,  a  permeability  of  not  less  than  200  at  frequency  8  MHz  at  temperature  25  °C,  and  an 
effective  saturation  magnetic  flux  density  B10  of  not  less  than  4400  G. 

Further  embodiments  of  the  present  invention  will  be  described  below. 
The  floating  magnetic  head  of  the  composite  type  for  example  as  shown  in  Fig.  16  and  Fig.  17  is  generally 

55  used  as  a  magnetic  head  for  magneto-optical  recording  to  record  signals  in  a  magneto-optical  disk  as  magneto- 
optical  recording  medium  by  the  magnetic  modulation  method.  Letter  M  represents  a  magnetic  core  of  U  shape, 
which  is  normally  made  of  a  Mn-Zn  ferrite  with  high  permeability.  The  magnetic  head  is  mounted  to  a  slider  S 
having  an  aerodynamic  shape  of  floatation  surface  to  float  and  run  while  keeping  a  fine  gap  to  the  disk  by  an 
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airflow  produced  by  high-speed  rotation  of  disk.  The  slider  S  is  normally  made  of  a  non-magnetic  ceramic  of 
CaO-Ti02,  and  the  slider  S  and  the  magnetic  core  M  are  bonded  to  each  other  through  glass  G.  The  open  end 
of  magnetic  core  M  is  on  the  same  side  as  the  floating  surface  of  slider  S,  and  coil  K  is  wound  around  a  main 
magnetic  pole  P  of  magnetic  core  M.  The  overall  structure  of  magnetic  head  for  magneto-optical  recording  ac- 

5  cording  to  the  present  invention  as  shown  in  Fig.  16  is  the  same  as  that  described  with  Fig.  2,  and  the  magnetic 
head  is  used  in  the  magneto-optical  recording  apparatus  shown  in  Fig.  1. 

When  a  current  modulated  according  to  information  signals  to  be  recorded  is  supplied  to  the  coil  K,  a  mag- 
netic  field  is  generated  from  the  end  face  of  main  magnetic  pole  P  of  magnetic  core  M  in  the  direction  normal 
to  the  disk. 

10  The  following  properties  are  required  for  the  non-magnetic  ceramic  forming  the  slider  S. 
In  the  first  place,  the  ceramic  must  have  a  hardness  enough  to  prevent  wear  of  slider  S  upon  slide  or  rub 

with  the  disk,  which  is  at  least  a  Vickers  hardness  of  not  less  than  500  [kg/mm2].  The  above  ceramic  CaO- 
Ti02  has  a  Vickers  hardness  of  about  850  [kg/mm2],  satisfying  this  condition. 

Secondly,  the  magnetic  core  M  must  be  made  of  a  material  with  a  thermal  expansion  coefficient  approx- 
15  imately  equal  to  that  of  the  slider  S  in  order  to  prevent  the  magnetic  core  M,  the  slider  S,  or  the  glass  G  from 

being  broken  due  to  a  difference  of  thermal  expansion  coefficient  between  them  when  the  magnetic  core  M 
and  the  slider  S  are  bonded  at  temperature  of  several  hundred  degrees  by  glass  bonding  in  production  of  mag- 
netic  head.  The  above  ceramic  CaO-Ti02  can  be  produced  with  an  arbitrary  thermal  expansion  coefficient  of 
between  100  x  10"7  and  118  x  10"7  [1/°C]  in  the  temperature  range  of  from  20  °C  to  500  °C  by  adjusting  the 

20  composition  rate  thereof.  The  Mn-Zn  ferrite  for  magnetic  core  M  is  selected  to  have  a  thermal  expansion  coef- 
ficient  almost  coincident  with  that  of  the  above  ceramic  CaO-Ti02.  Actually,  an  allowable  difference  of  thermal 
expansion  coefficient  between  them  is  about  5  x  10"7  [1/°C]  at  maximum. 

This  will  be  described  in  more  detail. 
Table  1  and  Table  2  as  shown  below  compare  the  composition,  the  thermal  expansion  coefficient,  and 

25  the  saturation  magnetic  flux  density  B10  at  25  °C  for  typical  samples  of  ceramic  CaO-Ti02  and  Mn-Zn  ferrite. 
B10  means  a  saturation  magnetic  flux  density  measured  with  applied  magnetic  field  of  10  Oe. 

TABLE  1  (ceramic  CaO-Ti02) 

Sample  CaO  [mol%]  Ti02  [mol%]  Thermal  expansion  coef.  [1/°C]  Hardness  [kg/mm2] 

51  47  53  118x10-7  850 

52  36  64  105x10-7  850 

35 
TABLE  2  (Mn-Zn  ferrite) 

..  ~r  -,  ~r  ■-  ~  r  Thermal  expansion  Saturation  flux  density Samp.  MnO  [mol%]  ZnO  [mol%]  Fe203  [mol%]  coef  £  y 

Ei  23  13  64  145x1  0-7  6000 

E2  26  16  58  130x10-7  5700 

E3  28  20  52  123x10-7  5400 

E4  33  19  48  105x10-7  4800 

Comparing  the  thermal  expansion  coefficients  of  ceramic  CaO-Ti02  and  Mn-Zn  ferrite  in  the  above  tables, 
it  is  seen  that  a  combination  between  sample  Si  of  ceramic  CaO-Ti02  and  sample  E3  of  Mn-Zn  ferrite  and  a 
combination  between  sample  S2  of  ceramic  CaO-Ti02  and  sample  E4  of  Mn-Zn  ferrite  can  be  employed. 

However,  the  maximum  thermal  expansion  coefficient  is  about  123  x  10"7  [1/°C]  for  the  Mn-Zn  ferrite 
matching  with  sample  Si  of  ceramic  CaO-Ti02.  Further,  there  is  no  ceramic  CaO-Ti02  matching  with  the  Mn- 
Zn  ferrite  having  a  thermal  expansion  coefficient  largerthan  123  x  10"7  [1/°C],  such  as  sample  or  E2  of  Mn- 
Zn  ferrite,  which  have  not  been  actually  used. 

Giving  a  supplementary  explanation,  the  thermal  expansion  coefficient  increases  as  the  composition  rate 
of  CaO  component  increases  in  the  ceramic  CaO-Ti02.  However,  excessive  CaO  component  makes  the  mirror 
finish  of  floating  surface  of  slider  as  described  difficult  and  therefore  the  composition  to  maximize  the  thermal 
expansion  coefficient  is  actually  as  shown  in  sample  Si  in  the  table.  Thus  the  thermal  expansion  coefficient 
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cannot  be  increased  over  118  x  1Ch7  [1/°C]  in  the  ceramic  CaO-Ti02. 
As  described  above,  the  ordinary  magnetic  head  for  magneto-optical  recording  has  the  slider  made  of  cer- 

amic  CaO-Ti02,  which  has  the  maximum  thermal  expansion  coefficient  for  example  in  the  composition  such 
as  the  sample  specifically,  the  value  of  which  is  118  x  10"7  [1/°C].  On  the  other  hand,  the  Mn-Zn  ferrite 

5  forming  the  magnetic  core  should  have  a  thermal  expansion  coefficient  approximately  coincident  with  that  of 
ceramic  CaO-Ti02  forming  the  slider  (within  the  allowable  difference  of  5  x  1Ch7  [1/°C])  to  enable  the  glass 
bonding  with  the  slider.  Therefore,  the  composition  for  example  of  above  sample  E3  is  selected. 

Incidentally,  the  recent  demand  is  high  for  increasing  the  signal  recording  speed  in  magneto-optical  re- 
cording  apparatus.  For  this,  the  magnetic  head  is  required  to  modulate  a  magnetic  field  at  higher  frequency. 

10  It  is  known  that  the  magnetic  head  heats  because  of  increase  of  high-frequency  loss  in  magnetic  core  and  coil 
as  the  modulation  frequency  of  magnetic  field  becomes  higher.  Fig.  18  is  a  graph  to  show  an  example  of  the 
relation  between  modulation  frequency  of  magnetic  field  and  temperature  rise  of  magnetic  head,  which  was 
obtained  in  experiments  by  Inventors.  From  the  graph,  the  magnetic  head  temperature  increases  by  about  32 
°C  with  the  magnetic  field  modulation  frequency  of  6  MHz.  Since  the  actual  temperature  environment  is  about 

15  60  °C  at  maximum  inside  the  magneto-optical  recording  apparatus,  the  operation  temperature  of  magnetic 
head  is  about  92  °C  at  6  MHz. 

Furthermore,  the  Mn-Zn  ferrite  forming  the  magnetic  core  in  magnetic  head  decreases  its  saturation  mag- 
netic  flux  density  with  temperature  rise.  For  example,  Fig.  19  shows  the  relation  between  saturation  magnetic 
flux  density  B10  and  temperature  for  samples  ErE4  of  Mn-Zn  ferrite  as  described  above.  Upon  generation  of 

20  magnetic  field,  the  flux  density  is  high  and  the  saturation  of  flux  is  liable  to  occur  especially  inside  the  main 
magnetic  pole  P  around  which  the  coil  K  on  magnetic  core  M  is  wound.  The  saturation  of  magnetic  flux  results 
in  failure  of  generation  of  magnetic  field  strong  enough  to  record  signals.  In  order  to  avoid  the  saturation  of 
magnetic  flux,  it  is  important  to  make  the  magnetic  core  M  of  a  Mn-Zn  ferrite  with  a  sufficiently  high  saturation 
magnetic  flux  density.  Generally,  the  saturation  magnetic  flux  density  B10  of  magnetic  core  M  must  be  not  less 

25  than  4200  G  (which  is  the  level  shown  by  a  broken  line  in  Fig.  1  9)  to  generate  a  magnetic  field  with  sufficient 
intensity  for  satisfactory  signal  recording.  The  saturation  magnetic  flux  density  B10  is  above  4200  G  at  tem- 
perature  of  below  about  92  °C  for  sample  E3  of  Mn-Zn  ferrite,  and  at  temperature  of  below  about  60  °C  for  sam- 
ple  E4. 

From  the  above-described  circumstances,  the  maximum  temperature  is  about  60  °C  in  the  magneto-optical 
30  recording  apparatus  and  the  high-frequency  loss  of  magnetic  head  increases  the  temperature  depending  upon 

the  modulation  frequency  in  magnetic  modulation.  Thus,  the  magnetic  modulation  frequency  should  be  not 
more  than  6  MHz  to  keep  the  temperature  of  magnetic  head  below  92  °C.  Accordingly,  the  magnetic  modulation 
frequency  must  be  below  6  MHz  with  the  ordinary  sample  E3  of  Mn-Zn  ferrite. 

Also,  sample  E4  of  Mn-Zn  ferrite  cannot  be  used  taking  into  consideration  the  temperature  environment  in 
35  the  magneto-optical  recording  apparatus. 

On  the  other  hand,  samples  E  ̂ E2  have  higher  saturation  flux  density  B10  than  sample  E3.  Specifically, 
sample  Ê   has  the  saturation  flux  density  B10  of  not  less  than  4200  G  at  temperature  of  below  about  122  °C 
and  sample  E2  below  about  110  °C,  If  the  temperature  environment  is  assumed  to  be  60  °C  in  the  magneto- 
optical  recording  apparatus,  the  permissible  temperature  rise  is  about  62  °C  for  sample  Ê   and  about  50°C  for 

40  sample  E2.  From  these  values,  it  is  seen  from  Fig.  18  that  the  maximum  magnetic  modulation  frequency  is 
about  12.6  MHz  for  sample  Ê   and  about  10  MHz  for  sample  E2.  Thus  the  use  of  Mn-Zn  ferrite  with  high  sat- 
uration  magnetic  flux  density  B10  as  magnetic  core  is  means  very  effective  to  realize  high-speed  signal  record- 
ing. 

Nevertheless,  there  is  no  CaO-Ti02  with  a  thermal  expansion  coefficient  approximately  equal  to  that  of 
45  sample  Ê   or  E2  of  Mn-Zn  ferrite  with  high  saturation  magnetic  flux  density  B10,  as  described  above,  and  there- 

fore  the  glass  bonding  cannot  be  made  between  the  magnetic  core  and  the  slider.  Therefore,  they  have  not 
been  used  actually. 

The  problem  related  to  the  saturation  flux  density  of  magnetic  core  is  also  conventionally  known  in  a  float- 
ing  magnetic  head  of  composite  type  for  magnetic  disk  apparatus,  which  is  composed  of  a  slider  made  of  CaO- 

50  Ti02  ceramic  and  a  magnetic  core  made  of  Mn-Zn  ferrite  similarly  as  the  magnetic  head  for  magneto-optical 
recording.  Supplementary  explanation  will  be  given  here  with  comparison  between  them.  A  recent  demand  is 
high  for  high-density  recording  of  signals  in  magnetic  disk  apparatus.  In  in-plane  recording,  which  is  the  general 
magnetic  recording  method,  recording  demagnetization,  which  is  a  phenomenon  specific  in  high-density  signal 
recording,  interferes  satisfactory  signal  recording.  Various  attempts  were  made  to  increase  the  coercivity  of 

55  recording  medium  in  order  to  prevent  the  recording  demagnetization.  Increasing  the  coercivity  requires  in- 
crease  of  recording  magnetic  field  applied  to  the  recording  medium  from  a  magnetic  head.  However,  the  Mn- 
Zn  ferrite  for  the  conventional  magnetic  core  provides  insufficient  saturation  flux  density  B10. 

This  problem  is  solved  by  so-called  MIG  (Metal  In  Gap)  head  in  the  magnetic  head  for  magnetic  disk  ap- 
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paratus,  in  which  a  film  made  of  metal  magnetic  material  such  as  sendust  with  sufficiently  high  saturation  flux 
density  is  provided  in  the  gap  portion  of  magnetic  core  where  the  concentration  of  magnetic  flux  is  extreme. 

However,  the  magnetic  head  for  magneto-optical  recording  uses  a  gapless  "U"-shaped  magnetic  core  as 
described  hereinbefore  in  order  to  generate  a  uniform  perpendicular  magnetic  field  in  a  considerably  wide  re- 

5  gion  of  a  square  of  several  ten  urn  to  several  hundred  ^m,  readily  causing  saturation  of  magnetic  flux  inside 
the  magnetic  core.  Therefore,  the  means  for  solving  the  problem,  such  as  the  MIG  head,  for  magnetic  disk 
apparatus,  cannot  be  employed  for  the  magnetic  head  for  magneto-optical  recording. 

As  explained,  the  problem  related  to  the  saturation  flux  density  in  the  magnetic  head  for  magneto-optical 
recording  is  different  in  background  and  solution  from  the  similar  problem  in  the  magnetic  head  for  magnetic 

10  disk  apparatus. 
There  are  various  proposals  of  overwritable  magneto-optical  recording/reproducing  apparatus  in  which  a 

light  beam  irradiates  a  magnetic  recording  medium  of  disk  type  and  information  is  recorded  by  the  magnetic 
modulation  method  in  the  recording  medium  irradiated  by  the  light  beam  (see  Japanese  Laid-open  Patent  Ap- 
plication  No.  51-107121,  Japanese  Laid-open  Patent  Application  No.  63-217548,  Japanese  Laid-open  Patent 

15  Application  No.  59-215008,  Japanese  Patent  Publication  No.  60-48806,  etc.).  To  overwrite  information  in  the 
magneto-optical  recording  medium,  a  magnetic  head  slider  with  magnetic  coil  and  core  disposed  thereon  is 
arranged  to  face  the  rotating  magneto-optical  recording  medium,  so  that  the  magnetic  head  slider  is  floated 
over  the  magneto-optical  recording  medium  by  an  air  flow  caused  between  them.  Thus,  as  long  as  the  mag- 
neto-optical  recording  medium  is  rotated  at  a  certain  rotation  speed,  the  airflow  keeps  the  magnetic  head  slider 

20  from  being  worn  and  damaged  during  recording,  reproduction  or  erasing  in  the  magneto-optical  recording/re- 
producing  apparatus. 

Atthe  drive  start  or  atthe  drive  end  of  the  magneto-optical  recording  medium,  however,  the  magnetic  head 
slider  loses  the  floating  force  because  of  the  drop  of  relative  rotation  speed,  which  makes  the  magnetic  head 
slider  sliding  directly  on  the  magneto-optical  recording  medium. 

25  Further,  the  floatation  stability  could  be  lost  due  to  a  great  acceleration  exerted  when  the  magnetic  head 
is  under  seek  operation  at  high  speed,  so  that  the  magnetic  head  slider  could  contact  with  the  recording  me- 
dium,  whereby  the  magnetic  head  slider  is  liable  to  be  worn  and  damaged.  To  avoid  such  a  situation,  a  high- 
hardness  ceramic  CaO-Ti02  with  Vickers  hardness  of  800  to  900  is  normally  used  to  make  the  slider  in  the 
normal  optical  head  for  magneto-optical  recording.  The  following  problems  are  recognized  in  use  of  slider  made 

30  of  such  a  material. 
First,  since  the  slider  is  very  hard  as  compared  with  the  surface  of  medium  and  the  lubricity  thereof  is  not 

enough,  the  medium  surface  could  be  worn  and  damaged  upon  contact  between  the  magnetic  head  slider  and 
the  medium  as  described  above,  which  could  interfere  the  correct  recording  or  reproduction  of  signals. 

Second,  since  the  ceramic  CaO-Ti02  has  a  high  electrical  resistivity  of  about  3  x  1012  Qcm,  the  friction 
35  against  the  medium  surface  with  high  electrical  resistivity  of  the  same  level  will  easily  produce  static  electricity 

on  them.  The  static  electricity  could  cause  dust  floating  in  air  to  attach  to  the  surface  of  slider  or  medium.  In 
addition,  an  attractive  force  of  static  electricity  could  bring  the  slider  into  contact  with  the  medium,  resulting  in 
occurrence  of  head  crush. 

Third,  since  the  ceramic  Ca0-TiO2  has  a  small  thermal  expansion  coefficient  in  the  range  of  about  90  x 
40  10"7  to  118  x  10"7  [1/°C],  the  thermal  stress  upon  glass  fusion  bonding  of  core  of  magnetic  head  could  cause 

cracks.  To  avoid  formation  of  cracks,  the  -material  for  core  is  limited  to  ferrites  having  a  thermal  expansion 
coefficient  close  to  that  of  the  ceramic  CaO-Ti02. 

In  order  that  the  thermal  expansion  coefficient  is  kept  within  the  above  required  range  for  the  ferrites  main- 
ly  containing  MnO,  ZnO  and  Fe203  suitable  for  such  use,  the  composition  rate  of  Fe203  must  be  not  more  than 

45  52  mol%.  Nevertheless,  the  ferrites  with  such  composition  have  an  effective  saturation  magnetic  flux  density 
of  not  more  than  5400  G,  which  makes  it  difficult  to  obtain  a  generating  magnetic  field  strong  enough  to  carry 
out  high-density  signal  recording. 

Next  described  are  specific  embodiments  of  magnetic  head  for  magneto-optical  recording  according  to  the 
present  invention,  which  solved  the  above  problems. 

so  First  in  an  embodiment  of  magnetic  head  for  magneto-optical  recording  according  to  the  present  invention, 
the  magnetic  core  M  is  made  of  sample  Ê   or  E2,  which  is  described  before  with  Table  2  as  Mn-Zn  ferrite  having 
a  saturation  flux  density  B10  of  above  5400  G  at  25  °C  or  above  4200  G  at  92  °C.  Further,  the  slider  S  is  made 
of  a  non-magnetic  material  having  a  thermal  expansion  coefficient  of  from  120  x  10"7[1/°C]  to  150  x  10"7[1/°C] 
in  the  temperature  range  of  20  °C  to  500  °C,  specifically  a  ceramic  mainly  containing  NiO  with  at  least  one  or 

55  more  additives  of  CaO,  Ti02,  MgO  and  MnO.  The  magnetic  core  is  bonded  to  the  slider  by  glass  bonding.  Such 
a  ceramic  is  for  example  sample  S3,  S4  or  S5  shown  in  Table  3. 
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TABLE  3 

Sample  Composition  Thermal  expansion  coef.  [1/°C]  Hardness  [kg/mm2] 

53  NiO-CaO-Ti02  140x1  (H  830 

54  NiO-MnO  134x10"7  600 

55  NiO-MgO  130x10"7  800 

Although  the  main  ingredient  NiO  itself  has  a  considerably  large  thermal  expansion  coefficient  of  160  x 
10"7  [1/°C],  the  formulation  of  additives  at  a  suitable  rate  as  described  above  can  provide  ceramics  with  a  de- 
sired  thermal  expansion  coefficient  of  between  120  x  10"7  and  150  x  10"7  [1/°C].  This  is  not  further  detailed 
herein,  but  it  is  described  in  detail  for  example  in  Japanese  Patent  Publication  No.  3-45024.  The  content  of 
main  ingredient  NiO  is  for  example  30  to  70  mol%. 

Either  one  of  these  samples  has  a  Vickers  hardness  of  not  less  than  500  [kg/mm2],  and  therefore  has  suf- 
ficient  wear  resistance  for  slider.  The  greater  thermal  expansion  coefficient  than  that  of  the  ordinary  CaO- 
Ti02  ceramic  enables  glass  bonding  with  the  magnetic  core  made  of  the  Mn-Zn  ferrite  having  a  large  saturation 
flux  density  B10.  For  example,  available  combinations  are  between  sample  Ê   of  Mn-Zn  ferrite  and  sample  S3 
of  ceramic  and  between  sample  E2  of  Mn-Zn  ferrite  and  sample  S4  or  S5  of  ceramic  as  described  above.  The 
two  samples  in  each  combination  have  respective  thermal  expansion  coefficients  approximately  coincident 
with  each  other  (within  the  allowable  difference  of  5  x  10"7  [1/°C]). 

Next  described  is  another  embodiment  of  magnetic  head  for  magneto-optical  recording  according  to  the 
present  invention.  In  the  present  embodiment,  the  magnetic  core  M  is  made  of  aforementioned  sample  Ê   or 
E2,  which  is  the  Mn-Zn  ferrite  with  saturation  flux  density  B10  of  above  5400  G  at  25  °C  or  above  4200  G  at 
92  °C,  similarly  as  in  the  embodiment  shown  in  Table  3.  Further,  the  slider  S  is  made  of  a  non-magnetic  material 
having  a  thermal  expansion  coefficient  of  from  120  x  10"7  [1/°C]  to  150  x  10"7  [1/°C]  in  the  temperature  range 
of  20  °C  to  500  °C,  specifically  of  crystallized  glass.  Such  crystallized  glass  may  be  for  example  sample  S6, 
S7,  S8  or  S9  shown  in  Table  4. 

TABLE  4 

Sample  Composition  Thermal  expansion  coef.  [1/°C]  Hardness  [kg/mm2] 

56  Li20-Si02  145x10-7  700 

57  Li20-Si02  122x10-7  610 

58  AI203-ZnO-Si02  137x10"7  970 

59  Li20-ZnO-Si02  135x10"7  740 

The  samples  listed  here  are  examples  among  many,  and  by  selecting  proper  composition  and  composition 
rate  another  crystallized  glass  can  be  obtained  with  desired  thermal  expansion  coefficient  of  between  120  x 
10-7  [1/°C]  and  150  x  10"7  [1/°C]  in  addition  to  the  samples. 

Each  of  these  samples  has  a  Vickers  hardness  of  not  less  than  500  [kg/mm2],  presenting  sufficient  wear 
resistance  for  slider.  Also,  since  the  thermal  expansion  coefficient  is  larger  than  that  of  ordinary  CaO-Ti02 
ceramic,  the  slider  can  be  bonded  by  glass  bonding  to  the  magnetic  core  made  of  the  Mn-Zn  ferrite  with  large 
saturation  flux  density  B10.  For  example,  there  are  available  combinations  between  sample  Ê   of  Mn-Zn  ferrite 
and  sample  S6  of  crystallized  glass  and  between  sample  E2  of  Mn-Zn  ferrite  and  sample  S9  of  crystallized  glass 
as  described  above,  in  each  of  which  the  thermal  expansion  coefficients  of  the  two  samples  are  made  ap- 
proximately  coincident  with  each  other  (within  the  allowable  difference  of  5  x  1  0"7  [1/°C]). 

Fig.  20  is  a  perspective  view  to  show  a-state  of  the  magnetic  head  for  magneto-optical  recording  according 
to  the  present  invention  in  use,  Fig.  21  a  perspective  view  to  show  an  embodiment  of  magnetic  head  of  the 
present  invention,  and  Fig.  22  a  perspective  view  to  show  another  embodiment  of  magnetic  head  of  the  present 
invention.  In  these  figures,  reference  numeral  1  designates  a  magneto-optical  recording  medium  of  disk  driven 
by  a  spindle  motor  (not  shown).  A  magnetic  head  slider  2  made  of  a  non-magnetic  material  is  disposed  to  face 
the  upper  surface  of  the  recording  medium.  The  magnetic  head  slider  2  is  elastically  held  by  spring  arms  3 
and  has  a  flat  slider  portion  with  slit  2a  extending  in  the  slide  direction  through  the  center  thereof  as  shown 
in  Fig.  21  or  Fig.  22.  Provided  in  the  slider  is  a  core  4  made  of  a  ferrite  mainly  containing  MnO,  ZnO,  and  Fe203. 
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In  case  that  the  slider  2  is  made  specifically  of  a  non-magnetic  ceramic,  the  core  4  is  bonded  to  the  slider  by 
glass  fusion  bonding  (numeral  5  denotes  a  fusion  bonding  portion).  In  case  that  the  slider  2  is  made  of  a  resin, 
the  core  4  is  integrally  molded  with  the  slider  2.  The  core  4  is  of  "U"  shape,  the  open  end  of  which  faces  the 
medium.  Coil  is  wound  around  the  core  4  and  the  generating  magnetic  field  is  modulated  by  a  current  supplied 

5  to  the  coil.  The  overall  construction  of  the  magnetic  head  for  magneto-optical  recording  according  to  the  pres- 
ent  invention  shown  in  Fig.  21  or  Fig.  22  is  the  same  as  that  described  with  Fig.  2,  and  the  magnetic  head  is 
used  in  the  magneto-optical  recording  apparatus  shown  in  Fig.  1. 

Especially  in  the  present  invention,  at  least  the  portion  of  slider  2  facing  the  medium  should  be  made  of 
a  material  with  electrical  resistivity  of  not  more  than  1  x  1011  Q-cm,  more  preferably  with  surface  hardness  of 

10  Vickers  hardness  not  less  than  500.  For  example  in  the  above  embodiments,  the  entire  magnetic  head  slider 
2  including  the  portion  facing  the  medium  may  be  made  by  formulating  cation  ic  surface  active  agent  or  anionic 
surface  active  agent  as  anti-static  agent  component  in  thermosetting  resin,  thermoplastic  resin  or  photo-setting 
resin  with  lubricity  and  molding  the  formulation.  Specific  examples  of  the  resins  are  fluorinated  resins  and  sil- 
icon-modified  resins.  In  case  that  the  slider  is  made  of  a  resin  material,  the  sufficient  surface  hardness  (Vickers 

15  hardness  not  less  than  500)  cannot  be  attained.  To  compensate  for  lack  of  hardness,  it  is  important  to  give 
sufficient  lubricity  to  the  material. 

The  magnetic  head  slider  2  may  be  made  such  that  at  least  the  portion  facing  the  medium  is  provided  on 
the  surface  thereof  with  a  coating  of  lubricating  thin  film  made  from  a  material  obtained  by  formulating  cation  ic 
surface  active  agent  or  anionic  surface  active  agent  as  anti-static  agent  component  in  a  material  selected  from 

20  the  group  of  fluorine-containing  compounds  or  perfluoropolyoxyalkylenes. 
Also,  the  slider  may  be  made  of  a  non-magnetic  ceramic  mainly  containing  at  least  either  one  of  MnO, 

NiO  and  MgO  (in  which  the  total  content  of  MnO,  NiO  and  MgO  is  for  example  not  less  than  60  mol%)  or  a 
non-magnetic  ceramic  mainly  containing  NiO  with  at  least  one  or  more  additives  of  CaO,  Ti02,  MgO  and  MnO. 
In  this  case,  at  least  the  portion  of  slider  facing  the  medium  can  have  a  surface  hardness  of  Vickers  hardness 

25  not  less  than  500.  Of  course  the  ceramic  slider  may  have  the  coating  of  lubricating  thin  film. 
The  effect  of  the  invention  enjoyed  by  specifying  the  materials  as  detailed  above  is  described  below  with 

the  following  result  of  experiments. 

Example  1 
30 

The  material  of  magnetic  head  slider  2  was  a  resin  composition  in  which  1  %  by  weight  of  pyridinium  salt 
was  formulated  as  cationic  surface  active  agent  in  a  fluorinated  polyimide.  Monomers  for  the  fluorinated  poly- 
imide  were  diamine,  for  example  2,  2'-  bis(trifluoromethyl)-4,4'  -diaminobiphenyl,  and  acid  dianhydride,  for  ex- 
ample  pyromellitic  dianhydride,  2,  2-bis  (3,4  -  dicarboxy  phenyl)  -  hexafluoropropane  dianhydride,  and  in  this 

35  example  the  two  types  of  polyimide  components  as  described  were  mixed  with  each  other  in  a  monomer  state 
and  then  copolymerized  for  use.  The  magnetic  head  slider  made  of  the  material  was  subjected  to  the  durability 
test  of  1  00000  cycles  of  CSS  test  (Contact  Start  Stop  Test).  After  the  durability  test,  there  was  neither  damage 
on  the  magneto-optical  recording  medium  surface  nor  crush  on  the  side  of  the  magnetic  head  slider.  The  sur- 
face  electrical  resistivity  of  slider  was  8.5  x  108  Q-cm. 

40 
Example  2 

The  magnetic  head  slider  was  made  of  a  ceramic  CaO-Ti02.  A  lubricating  thin  film  was  formed  on  the  sur- 
face  of  the  slider  by  dipping  it  in  a  solution  in  which  1.5  %  by  weight  of  sulfonic  acid  was  formulated  as  anionic 

45  surface  active  agent  in  CRYTOX  143AC  solution  represented  by  formula  of  [CF(CF3)CF2  -  O  -]n  -  CF  (CF3) 
CF3  where  n  is  28  in  average  and  slowly  lifting  it.  Afterthat,  hardening  treatmentwas  effected.  The  thus  treated 
magnetic  head  slider  was  subjected  to  the  durability  test  of  100000  cycles  of  CSS  test  in  the  same  manner  as 
above.  After  the  test,  there  was  observed  neither  damage  on  the  magneto-optical  recording  medium  surface 
nor  crush  on  the  magnetic  head  slider  side.  The  surface  electrical  resistivity  of  the  slider  was  7.0  x  1  08  Q-cm. 

50 
Comparative  Example 

As  a  comparative  example,  the  magnetic  head  slider  was  made  of  a  conventional  material,  that  is,  the  cer- 
amic  CaO-Ti02  without  lubricating  thin  film.  The  surface  electrical  resistivity  of  the  slider  was  3  x  1  012  Q-cm. 

55  After  the  durability  test  of  100000  cycles  of  CSS,  crush  on  the  slider  and  damage  on  the  medium  surface  were 
caused  by  lack  of  lubricity  and  charge  of  static  electricity. 

12 
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Example  3 

The  magnetic  head  slider  was  made  of  a  non-magnetic  ceramic  mainly  containing  MgO  and  NiO  (in  which 
the  MgO  content  was  50  mol%  and  the  NiO  content  was  50  mol%).  The  surface  electrical  resistivity  was  1  x 

5  108Q-cm  and  the  surface  hardness  was  Vickers  hardness  800.  Additionally,  another  magnetic  head  slider  was 
made  of  a  non-magnetic  ceramic  mainly  containing  MnO  and  NiO  (in  which  the  MnO  content  was  60  mol% 
and  the  NiO  content  was  40  mol%).  The  surface  electrical  resistivity  was  4  x  1010  Q-cm  and  the  surface  hard- 
ness  was  Vickers  hardness  650.  Further,  another  magnetic  head  slider  was  made  of  a  non-magnetic  ceramic 
mainly  containing  60  mol%  of  NiO  with  additives  of  1  0  mol%  of  CaO  and  30  mol%  of  Ti02.  The  surface  electrical 

10  resistivity  was  6x1  08  Q-cm  and  the  surface  hardness  was  Vickers  hardness  830.  These  magnetic  heads  were 
subjected  to  the  durability  test  of  1  00000  cycles  of  CSS.  Little  charge  of  static  electricity  was  observed  on  the 
surface  of  slider  or  medium  and  no  damage  due  to  crush  was  caused.  Further,  the  above  ceramics  had  a  ther- 
mal  expansion  coefficient  in  the  range  of  from  130  x  10"7  to  140  x  10"7  [1/°C],  which  was  almost  equal  to  a 
thermal  expansion  coefficient  of  core  material  of  magnetic  head  which  was  a  ferrite  with  58-64  mol%  of  Fe203. 

15  No  cracks  appeared  upon  glass  bonding.  The  above  ferrite  had  the  effective  saturation  flux  density  B10  of  5700- 
6000  G,  with  which  the  generating  magnetic  field  was  stronger  by  about  15-20  %  than  that  of  the  conventional 
magnetic  heads.  Satisfactory  signal  recording  was  done  by  using  the  thus  formed  magnetic  heads. 

Since  the  magnetic  heads  for  magneto-optical  recording  according  to  the  present  invention  as  described 
above  have  the  lubricity  and  the  anti-static  property,  they  can  be  arranged  as  magnetic  head  of  slide  type  as 

20  shown  in  Fig.  23.  In  detail,  the  magnetic  field  generating  surface  of  magnetic  head  41  is  processed  in  the  form 
of  convex  surface,  which  is  brought  into  contact  with  a  protection  layer  44  in  a  recording  medium  (having  a 
substrate  42,  a  magnetic  layer  43  for  recording  and  a  protection  layer  44)  and  is  slid  under  contact.  Reference 
numeral  45  designates  a  laser  beam.  This  arrangement  can  shorten  the  distance  between  the  magnetic  layer 
43  in  the  recording  medium  and  the  magnetic  head  41  as  compared  with  the  floating  magnetic  head  using  the 

25  slider,  whereby  the  magnetic  field  intensity  is  made  greater  on  the  magnetic  layer  43  and  disturbance  of  re- 
cording  signals  due  to  the  surface  fluctuation  of  recording  medium  can  be  reduced.  Fig.  24  shows  an  example 
of  relation  of  magnetic  field  intensity  of  magnetic  layer  to  distance  between  magnetic  layer  and  magnetic  head. 

As  described  above,  the  magnetic  head  for  magneto-optical  recording  according  to  the  present  invention 
is  characterized  in  that  the  magnetic  core  made  of  the  Mn-Zn  ferrite  with  saturation  flux  density  B10  of  above 

30  5400  G  at  25  °C  or  above  4200  G  at  92  °C  is  bonded  by  glass  bonding  to  the  slider  made  of  the  non-magnetic 
material  with  thermal  expansion  coefficient  of  from  120  x  10"7  [1/°C]  to  150  x  10"7  [1/°C]  in  the  temperature 
range  of  20  °C  to  500  °C.  Also,  the  magnetic  head  is  characterized  particularly  in  that  the  non-magnetic  material 
is  the  ceramic  mainly  containing  NiO  with  at  least  one  or  more  additives  of  CaO,  Ti02,  MgO  and  MnO,  or  crys- 
tallized  glass. 

35  Although  in  the  magnetic  head  for  magneto-optical  recording  according  to  the  present  invention  the  Mn- 
Zn  ferrite  with  greater  saturation  flux  density  B10  than  the  conventional  materials  is  used  for  the  magnetic  core, 
the  glass  bonding  is  possible  because  the  thermal  expansion  coefficient  is  almost  coincident  with  that  of  slider. 
Also,  the  slider  has  the  sufficient  Vickers  hardness  of  not  less  than  500  [kg/mm2]  presenting  sufficient  wear 
resistance.  Therefore,  the  magnetic  head  of  the  present  invention  is  of  high  practical  use. 

40  Since  the  saturation  flux  density  of  magnetic  core  is  increased  as  described  as  compared  with  the  con- 
ventional  magnetic  cores,  the  saturation  of  magnetic  flux  is  unlikely  to  occur  inside  magnetic  core  upon  high- 
frequency  modulation  of  magnetic  field.  Thus  higher-speed  signal  recording  can  be  realized  by  raising  the  up- 
per  limit  of  frequency  of  recording  signals,  which  was  conventionally  about  6  MHz.  For  example,  in  case  that 
the  magnetic  core  is  made  of  t  he-aforementioned  Mn-Zn  ferrite  sample  and  the  slider  of  the  aforementioned 

45  ceramic  sample  S3  or  crystallized  glass  sample  S6,  the  thermal  expansion  coefficients  thereof  are  almost  co- 
incident  with  each  other,  which  enables  glass  bonding.  This  magnetic  head  can  be  used  with  recording  signal 
frequency  of  about  12.6  MHz  at  highest.  Additionally,  in  case  that  the  magnetic  core  is  made  of  the  aforemen- 
tioned  Mn-Zn  ferrite  sample  C2  and  the  slider  of  the  aforementioned  ceramic  sample  S4  or  S5  or  the  crystallized 
glass  sample  Sg,  the  glass  bonding  is  also  possible.  This  magnetic  head  can  be  used  with  recording  signal 

so  frequency  of  about  10  MHz  at  highest. 
As  described  above,  the  magnetic  head  for  magneto-optical  recording  according  to  the  present  invention 

is  so  arranged  that  the  surface  electrical  resistivity  is  not  more  than  1  x  1011  Q-cm  in  at  least  the  portion  of 
slider  facing  the  magneto-optical  recording  medium,  further  preferably,  in  addition  to  the  foregoing,  that  the 
slider  is  provided  with  a  resin  material  with  lubricity  and  anti-static  property  at  least  in  the  portion  of  slider  facing 

55  the  magneto-optical  recording  medium  or  that  the  slider  is  made  of  a  non-magnetic  ceramic,  whereby  even  if 
the  magnetic  head  is  brought  into  contact  with  the  medium  because  of  disturbance  of  floatation  stability  caused 
by  a  decrease  of  relative  rotation  speed  between  the  magneto-optical  recording  medium  and  the  magnetic  head 
slider  or  by  high-speed  seekoperation  of  magnetic  head,  accumulation  of  electrostatic  charge  can  be  prevented 
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so  as  to  prevent  adherence  of  dust  or  electrostatic  contact  between  slider  and  recording  medium  and  thereby 
the  surface  of  magneto-optical  recording  medium  can  be  kept  from  being  damaged,  also  avoiding  the  crush 
of  magnetic  head  slider  itself. 

Further,  since  the  magnetic  head  slider  of  slide  type  is  provided  with  the  resin  material  with  lubricity  and 
anti-static  property  at  least  in  the  portion  facing  the  magneto-optical  recording  medium,  the  magnetic  field 
modulation  recording  property  may  also  be  improved.  Further,  if  the  slider  is  made  of  the  non-magnetic  ceramic 
mainly  containing  at  least  one  of  MnO,  NiO  and  MgO  or  the  non-magnetic  ceramic  mainly  containing  NiO  with 
at  least  one  or  more  additives  of  CaO,  Ti02,  MgO  and  MnO,  the  thermal  expansion  coefficient  can  be  set  large 
in  the  range  of  from  120  x  10"7  to  150  x  10"7  [1/°C],  which  is  almost  equal  to  the  thermal  expansion  coefficient 
in  the  case  that  the  material  for  core  of  magnetic  head  is  the  ferrite  mainly  containing  MnO,  ZnO  and  Fe203 
in  which  the  Fe203  content  is  above  52  mol%,  causing  no  cracks  upon  glass  fusion  bonding.  The  use  of  ferrite 
increases  the  effective  saturation  flux  density  B10  up  to  above  5400  G,  whereby  a  magnetic  field  can  be  gen- 
erated  with  intensity  necessary  for  satisfactory  signal  recording. 

Claims 

1.  A  magnetic  head  for  magneto-optical  recording  comprising: 
a  slider  sliding  on  a  magneto-optical  recording  medium; 
a  core  made  of  a  magnetic  material  and  mounted  to  said  slider,  said  core  having  an  area  of  main 

magnetic  pole  end  face  of  from  0.01  mm2  to  0.039  mm2,  said  magnetic  material  for  the  core  being  a  Mn- 
Zn  ferrite  having  a  Curie  temperature  of  not  less  than  140  °C,  a  permeability  of  not  less  than  200  at  fre- 
quency  8  MHz  at  temperature  25  °C,  and  an  effective  saturation  magnetic  flux  density  B10of  not  less  than 
4400  G;  and 

a  coil  wound  around  said  core. 

2.  Amagnetic  head  for  magneto-optical  recording  according  to  Claim  1  ,  wherein  upon  application  of  a  voltage 
to  said  coil  a  modulation  magnetic  field  is  applied  to  a  recording  surface  of  said  magneto-optical  recording 
medium  to  record  an  information  signal. 

3.  A  magnetic  head  for  magneto-optical  recording,  comprising: 
a  slider  sliding  on  a  magneto-optical  recording  medium; 
a  core  made  of  a  magnetic  material  and  mounted  to  said  slider,  said  core  having  an  area  of  main 

magnetic  pole  end  face  of  from  0.01  mm2  to  0.039  mm2,  said  magnetic  material  for  the  core  being  a  Mn- 
Zn  ferrite  having  a  Curie  temperature  of  not  less  than  170  °C,  a  permeability  of  not  less  than  200  at  fre- 
quency  10  MHz  at  temperature  25  °C,  and  an  effective  saturation  magnetic  flux  density  B10  of  not  less 
than  5000  G;  and 

a  coil  wound  around  said  core. 

4.  Amagnetic  head  for  magneto-optical  recording  according  to  Claim  3,  wherein  upon  application  of  a  voltage 
to  said  coil  a  modulation  magnetic  field  is  applied  to  a  recording  surface  of  said  magneto-optical  recording 
medium  to  record  an  information  signal. 

5.  A  magnetic  head  for  magneto-optical  recording,  comprising: 
a  slider  sliding  on  a  magneto-optical  recording  medium; 
a  core  made  of  a  magnetic  material  and  mounted  to  said  slider,  said  core  having  an  area  of  main 

magnetic  pole  end  face  of  from  0.01  mm2  to  0.039  mm2,  said  magnetic  material  for  the  core  being  a  Mn- 
Zn  ferrite  having  a  Curie  temperature  of  not  less  than  200  °C,  a  permeability  of  not  less  than  200  at  fre- 
quency  12  MHz  at  temperature  25  °C,  and  an  effective  saturation  magnetic  flux  density  B10  of  not  less 
than  5500  G;  and 

a  coil  wound  around  said  core. 

6.  Amagnetic  head  for  magneto-optical  recording  according  to  Claim  5,  wherein  upon  application  of  a  voltage 
to  said  coil  a  modulation  magnetic  field  is  applied  to  a  recording  surface  of  said  magneto-optical  recording 
medium  to  record  an  information  signal. 

7.  A  magnetic  head  for  magneto-optical  recording  according  to  Claim  1  ,  3  or  5,  wherein  said  magnetic  head 
is  of  a  composite  type  in  which  the  core  with  main  magnetic  pole  is  fixed  to  the  floating  slider  of  non- 
magnetic  material,  the  end  face  of  main  magnetic  pole  of  core  is  substantially  rectangular,  and  the  area 
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of  end  face  is  in  the  range  of  from  0.01  mm2  to  0.039  mm2. 

8.  Amagnetic  head  for  magneto-optical  recording  according  to  Claim  1,  3,  5  or  7,  wherein  a  distance  between 
the  end  face  of  main  magnetic  pole  in  said  core  and  said  coil  is  in  the  range  of  from  0.05  mm2  to  0.29 
mm2. 

9.  A  magnetic  head  for  magneto-optical  recording  according  to  Claim  1  ,  3,  5,  7  or  8,  wherein  an  area  of  coil 
winding  window  in  said  core  is  in  the  range  of  from  0.11  mm2  to  0.47  mm2. 

10.  A  magnetic  head  for  magneto-optical  recording  according  to  Claim  1  ,  3,  5,  7,  8  or  9,  wherein  said  coil  is 
formed  by  winding  a  conductor  wire  with  a  cross  section  of  conductor  being  in  the  range  of  from  7  x 
10^mm2to5x  lO^mm2. 

11.  Amagnetic  head  for  magneto-optical  recording  according  to  Claim  1,  3,  5,  7,  8,  9  or  10,  wherein  said  coil 
has  an  inductance  of  from  0.4  p.H  to  2  p.H. 

12.  A  magneto-optical  recording  apparatus  comprising: 
an  optical  head  for  irradiating  a  magneto-optical  recording  medium  with  a  light  spot;  and 
a  magnetic  head  forapplying  a  magneticfield  to  said  magneto-optical  recording  medium,  said  mag- 

netic  head  comprising  a  slider  sliding  on  the  magneto-optical  recording  medium,  a  core  made  of  a  mag- 
20  netic  material  and  mounted  to  said  slider,  and  a  coil  wound  around  said  core,  wherein  upon  application 

of  a  voltage  to  said  coil  a  modulation  magnetic  field  is  applied  to  a  recording  surface  of  said  magneto- 
optical  recording  medium  to  record  an  information  signal  with  maximum  frequency  of  not  less  than  about 
8  MHz,  and  wherein  said  magnetic  material  for  the  core  is  a  Mn-Zn  ferrite  having  a  Curie  temperature  of 
not  less  than  140  °C,  a  permeability  of  not  less  than  200  at  frequency  8  MHz  at  temperature  25  °C,  and 

25  an  effective  saturation  magnetic  flux  density  B10  of  not  less  than  4400  G. 

13.  A  magneto-optical  recording  apparatus  comprising: 
an  optical  head  for  irradiating  a  magneto-optical  recording  medium  with  a  light  spot;  and 
a  magnetic  head  forapplying  a  magneticfield  to  said  magneto-optical  recording  medium,  said  mag- 

30  netic  head  comprising  a  slider  sliding  on  the  magneto-optical  recording  medium,  a  core  made  of  a  mag- 
netic  material  and  mounted  to  said  slider,  and  a  coil  wound  around  said  core,  wherein  upon  application 
of  a  voltage  to  said  coil  a  modulation  magnetic  field  is  applied  to  a  recording  surface  of  said  magneto- 
optical  recording  medium  to  record  an  information  signal  with  maximum  frequency  of  not  less  than  about 
10  MHz,  and  wherein  said  magnetic  material  for  the  core  is  a  Mn-Zn  ferrite  having  a  Curie  temperature 

35  of  not  less  than  170  °C,  a  permeability  of  not  less  than  200  at  frequency  10  MHz  at  temperature  25  °C, 
and  an  effective  saturation  magnetic  flux  density  B10  of  not  less  than  5000  G. 

14.  A  magneto-optical  recording  apparatus  comprising: 
an  optical  head  for  irradiating  a  magneto-optical  recording  medium  with  a  light  spot;  and 

40  a  magnetic  head  forapplying  a  magneticfield  to  said  magneto-optical  recording  medium,  said  mag- 
netic  head  comprising  a  slider  sliding  on  the  magneto-optical  recording  medium,  a  core  made  of  a  mag- 
netic  material  and  mounted  to  said  slider,  and  a  coil  wound  around  said  core,  wherein  upon  application 
of  a  voltage  to  said  coil  a  modulation  magnetic  field  is  applied  to  a  recording  surface  of  said  magneto- 
optical  recording  medium  to  record  an  information  signal  with  maximum  frequency  of  not  less  than  about 

45  12  MHz,  and  wherein  said  magnetic  material  for  the  core  is  a  Mn-Zn  ferrite  having  a  Curie  temperature 
of  not  less  than  200  °C,  a  permeability  of  not  less  than  200  at  frequency  12  MHz  at  temperature  25  °C, 
and  an  effective  saturation  magnetic  flux  density  B10  of  not  less  than  5500  G. 

15.  A  magnetic  head  for  magneto-optical  recording,  comprising: 
a  magnetic  core  made  of  a  Mn-Zn  ferrite  having  a  saturation  magnetic  flux  density  B10  of  greater 

than  5400  G  at  25  °C  or  greater  than  4200  G  at  92  °C; 
a  slider  made  of  a  non-magnetic  material  having  a  thermal  expansion  coefficient  of  from  120x  10"7 

[1/°C]  to  150  x  10-7  [1/°C]  in  the  temperature  range  of  from  20  °C  to  500  °C,  said  slider  is  bonded  to  said 
core  by  glass  bonding;  and 

a  coil  wound  around  said  core. 

16.  Amagnetic  head  for  magneto-optical  recording  according  to  Claim  15,  wherein  said  non-magnetic  material 
is  crystallized  glass. 

15 
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17.  A  magnetic  head  for  magneto-optical  recording,  comprising: 
a  slider  made  of  a  non-magnetic  material,  wherein  at  least  a  portion  of  said  slider  facing  a  magneto- 

optical  recording  medium  has  a  surface  electrical  resistivity  of  not  more  than  1  x  1011  Q-cm; 
a  magnetic  field  generating  core  provided  on  said  slider;  and 
a  coil  wound  around  said  core. 

18.  Amagnetic  head  for  magneto-optical  recording  according  to  Claim  17,  wherein  at  least  the  portion  of  slider 
facing  said  magneto-optical  recording  medium  has  a  surface  hardness  of  Vickers  hardness  not  less  than 
500. 

19.  Amagnetic  head  for  magneto-optical  recording  according  to  Claim  17,  wherein  said  slider  is  provided  with 
a  wear-resistant,  lubricating,  and  antistatic  resin  material  at  least  in  the  portion  thereof  facing  said  mag- 
neto-optical  recording  medium. 

20.  A  magnetic  head  for  magneto-optical  recording  according  to  Claim  1  5,  1  7  or  1  8,  wherein  said  slider  is  made 
of  a  non-magnetic  ceramic  mainly  containing  at  least  either  one  of  MnO,  NiO  and  MgO. 

21  .  A  magnetic  head  for  magneto-optical  recording  according  to  Claim  1  5,  1  7  or  1  8,  wherein  said  slider  is  made 
of  a  non-magnetic  ceramic  mainly  containing  NiO  with  at  least  one  or  more  additives  of  CaO,  Ti02,  MgO 
and  MnO. 

22.  A  magnetic  head  for  magneto-optical  recording  including  a  core  made  of  a  magnetic  material  wherein  at 
least  one  of  the  characteristics  of  the  core  is  chosen  so  as  to  increase  the  maximum  possible  frequency 
of  recorded  signals  on  the  magneto-optical  recording  medium. 

23.  A  magnetic  head  for  magneto-optical  recording  comprising  a  slider  for  sliding  on  or  floating  over  a  mag- 
neto-optical  recording  medium,  and  a  core  made  of  a  magnetic  material  and  mounted  on  the  slider,  wherein 
at  least  one  characteristic  of  the  slider  is  chosen  so  as  to  reduce  the  interaction  of  the  slider  and  the  re- 
cording  medium. 
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